WHAT'S KNOWN ON THIS SUBJECT: Quantitative real-time polymerase chain reaction allows sensitive detection of respiratory viruses. The clinical significance of detection of specific viruses is not fully understood, however, and several viruses have been detected in the respiratory tract of asymptomatic children.
Although acute respiratory illness (ARI) in childrenaccountsfora large part ofall visits to pediatric health facilities and is a great economic burden on society, 1,2 our tools to diagnose the etiologic agents have until recently been limited. 3 Treatment with antibiotics induces development of antibiotic resistance in bacteria 4 and has a negligible effect on most ARIs, which generally are of viral origin. 5, 6 Nevertheless, antibiotics are frequently prescribed due to lack of clinically valid diagnostic tests verifying a viral etiology. 7 Sensitive methods, such as quantitative real-time polymerase chain reaction (qPCR) analyses on nasopharyngeal samples, for a number of viruses have been introduced in the clinic as a sensitive diagnostic tool among children with respiratory tract infection. 8 However, whereas detection of some viruses, such as influenza virus and respiratory syncytial virus (RSV), clearly is predictive for respiratory disease, [9] [10] [11] the clinical significance upon detection of several other viruses needs further investigation. The interpretation of a viral detection is complicated by the fact that infections with multiple viruses are common in children with ARI and that many viruses have lately been reported to be found also in asymptomatic children. [12] [13] [14] [15] [16] [17] Numerous case series investigating respiratory viruses in hospitalized children with ARI have been published. [18] [19] [20] However, data are available from only a few case-control studies that examined to what extent specific respiratory viruses cause disease. 12, 14, 15, 21 Furthermore, these studies had limitations in that they used hospital-based control subjects, which might have biased the results. To address these issues, we conducted a matched case-control study outside the influenza season to compare viral qPCR findings in nasopharyngeal aspirates from children with ARI versus population-based asymptomatic control subjects matched on age and calendar time.
METHODS

Study Population
A matched case-control study was conducted with case patients consecutively enrolled at the pediatric emergency department at Sachs' Children and Youth Hospital (Stockholm, Sweden) between September 1, 2011, and January 30, 2012. Case patients were children aged #5 years with $1 of the following symptoms: coryza (rhinorrhea or nasal congestion), sore throat, earache, cough, sputum production, or dyspnea. Children were only included once in the study. One matched control subject for each case subject according to calendar time (614 days) and age (66 months) was selected from an ongoing population-based study of pneumococcal carriage. 22 In that study, children were enrolled at the time of their routine visits to child welfare centers in Stockholm for vaccination within the childhood immunization program (covering ∼99.6% of the population in Sweden). If no control subject was found, intervals were expanded to calendar time (630 days) and age (612 months). Children who were reported to have had episodes of respiratory disease within the last 7 days were not eligible as control subjects. Written informed consent was collected from the parents of all included children before sampling.
Information from both case patients and control subjects regarding chronic diseases, vaccination, and sociodemographic status was collected by using a standardized questionnaire. Chronic diseases were categorized into 2 groups: (1) "asthma" (including both allergic and nonallergic asthma); and (2) "other" (Table 1 ). Clinical parameters of case patients were registered at admission. Elevated breathing frequency was defined as $50 breaths per minute in children aged ,1 year and $40 breaths per minute in children aged 1 to 5 years. Tachycardia was defined as a pulse $160 beats per minute in children aged ,1 year and $120 beats per minute in children aged 1 to 5 years. Fever was defined as a body temperature $38.0°C. Information about treatment, outcome, and routine biochemical, microbiologic, and radiologic analyses were collected from medical records. Children with reported regular (.3 times a month) inhalation of b 2 -adrenergic agents and/or glucocorticoids but without reported chronic disease were designated as having asthma. 23 Discharge diagnoses were categorized according to International Classification of Diseases, 10th Revision, codes (Fig 1) . The study was approved by the regional ethical review board in Stockholm.
Sampling and Microbiologic Analyses
Nasopharyngeal aspirates from case patients and control subjects were obtained by using an identical aspiration technique and were diluted in 3 mL of saline. 24 Due to cross-reactivity between HRV and HEV, samples positive for both viruses were further analyzed by using an in-house qPCR for HEV. 25 We used the term coinfection to represent detection of at least 2 viruses in the same individual (although detection by using qPCR does not necessarily equal ongoing infection, as emphasized). 8 
Statistical Analyses
Data were analyzed by using Stata version12.1 (StataCorp, CollegeStation,TX). Paired t tests, Wilcoxon signed-rank tests, and McNemar' s test were used on paired data as appropriate. 26 Withingroup analyses of categorical data were performed by using x 2 tests and Fisher' s exact test, and independent continuous data were analyzed by using the Mann-Whitney U test. Unadjusted and multivariate odds ratios (ORs) were calculated with conditional logistic regression to assess the association between viruses and ARI. Because the risk associated with 1 virus can be confounded by coinfection with other viruses, we adjusted for infection with other viruses by including virus-specific data as single variables in a multivariate regression model. Two multivariate models were constructed in which the first model included age and viruses, and the second model included age, viruses, and clinical and sociodemographic variables. Selection of variables for the second model was performed in the following way. First, all variables that were associated with ARI in univariate analyses (P , .2) were included in the model. Second, variables with a P value $.2 in the multivariate model were removed from the model. Finally, we removed variables that caused large drifts of ORs due to small sample bias. 27 To estimate how much specific viruses attributed to ARI in the population, population-attributable proportion (PAP) for viruses that were significantly associated with ARI was calculated as follows: exposure among case patients 3 (adjusted OR -1)/adjusted OR, with 95% confidence intervals (CIs). 28 
RESULTS
Characteristics of Study Subjects
During the study period, 229 case patients with ARI were enrolled. Due to limited inclusion of control subjects during the holiday season, control subjects were not found for 20 case patients in December and January. These case patients were excluded in all matched case-control analyses. Characteristics of study subjects are listed in Table 1 . Case patients were significantly more likely to attend day care (P = .03) and less likely to be breastfed (P = .01) at the time of inclusion. Moreover, 10.0% of the case patients suffered from a chronic disease, predominantly asthma (n = 16 [7. 7%]), compared with 1.9% in control subjects (P , .001), and case patients were to a larger extent receiving current treatment with antibiotics (P = .006) or had received antibiotic treatment within the last year (P , .001). Finally, parents with a university degree were more common among control subjects (P = .04).
The 20 case patients who were excluded from the matched analyses due to lack of control subjects were significantly older and to a larger extent positive for RSV and HRV compared with the included case patients (P = .04, P = .03, and P = .02, respectively) (Supplemental Table 4 ).
In total, 24 case patients (10.5%) were admitted to an inpatient ward, and 48 patients (21.0%) were treated with antibiotics (Supplemental Table 5 ).
Viruses Associated With ARI
HRV was detected most frequently from September through November and was found at substantially lower levels in December and January (Fig 2) . This finding was true for both case patients and control subjects. hMPV, HBoV, and RSV also followed an epidemic pattern, increasing in December and January; all RSV episodes in case patients were detected in late December through January. No influenza viruses or HCoV serotype 229E was detected during the study period.
One or more respiratory virus was detected in 151 (72.3%) of the case patients and 74 (35.4%) of the control subjects ( Table 2 ). PIV (compiled), PIV1, RSV, and hMPV had the highest ORs for ARI, followed by HBoV and HRV. PIV was detected in 7.7% of the case patients compared with 0.5% of the control subjects, with PIV1 detected in 4.3% of case patients. PIV2 and PIV3 were only detected among case patients (2 and 5 case patients, respectively). RSV was detected in 5.3% of case patients and 0.5% of control subjects, and hMPV was detected in 4.8% of case patients and 1.0% of control subjects. HBoV was detected in 15.8% of case patients but was also detected relatively often among control subjects (4.3%). HRV, the most prevalent virus in the study population, was detected in 47.9% of case patients and 21.5% of control subjects. In contrast, HCoV and HEV were equally prevalent in case patients and control subjects. Nevertheless, HCoV serotype OC43 was only found in case patients (n = 4). The ORs were fairly stable for most viruses when the estimates of the 2 adjusted models were compared.
Serving as an estimate of the fraction of children that would have been prevented from having respiratory disease if the specific virus had not been present, PAP was calculated for the most frequently detected viruses (based on ORs from model 2). HRV, HBoV, and PIV (compiled) accounted for the largest PAP: 0.39 (95% CI: 0.01 to 0.62), 0.12 (95% CI: -0.06 to 0.28), and 0.08 (95% CI: -0.13 to 0.24), respectively.
Viral Association With Clinical Presentation and Diagnosis
In an attempt to clinically distinguish the different viral infections, clinical parameters, symptoms, and discharge diagnoses were compared between case patientspositiveforaspecificvirusversus case patients negative for that specific virus. hMPV infection was associated with fever (P = .003), increased respiratory rate (P = .035), tachycardia (P = .01), and decreased O 2 saturation (P = .05) (Table 3). HAdV was associated with decreased O 2 saturation (P = .05); HBoV was associated with increased respiratory rate (P = .003), tachycardia (P = .01), and reported coughing (P = .017); HRV was associated with coryza (P = .04) and absence of fever (P = .008); and RSV was associated with increased respiratory rate (P = .04) and wheezing (P = .03).
Case patients with croup, bronchitis, and asthma were most likely to test positive for $1 virus (all, 88%). Case patients diagnosed as having pneumonia, acute upper respiratory tract infection (URTI), and otitis tested positive in 58%, 64%, and 74%, respectively. Viral findings in relation to discharge diagnosis are shown in Fig 1. HCoV was negatively associated with a diagnosis of acute URTI (P = .005). Furthermore, patients diagnosed with croup were more likely to test positive for PIV (P , .001), and patients with bronchitis were more likely to be infected with HBoV (P = .04).
To assess the independent effect of specific viral infections, viruses that were significantly associated with the aforementionedclinicalfindingswerestratified into single infections and coinfections. No significant differences were found between patients with single infections compared with coinfected patients (data not shown). However, there was a tendency that increased respiratory rate was more common in HBoV coinfection compared with HBoV single infection (P = .08), and fever was reported more commonly in HRV coinfection compared with HRV single infection (P = .08).
Clinical Impact of Coinfections
In 42 (20.1%) case patients, .1 virus was detected. Of these, 32 (15.3%) were positive for 2 viruses, 9 case patients (4.3%) were positive for 3 viruses, and 1 case patient (0.5%) was positive for 4 concurrent viruses (Table 2) . Coinfections of viruses were more common in case patients compared with control subjects (20.1% and 5.3%, respectively) and were associated with a higher risk of ARI (OR: 12.3 [95% CI: 5.0 to 30.4]) compared with single infections (OR: 4.3 [95% CI: 2.6 to 7.1]). RSV, HAdV, and HBoV were the viruses most frequently detected in coinfection with other viruses among the case patients (in 80%, 74%, and 69%, respectively), and the most common virus pairs were HBoV/ HRV, HAdV/HRV, and HBoV/RSV (n = 13, n = 11, and n = 9) (Supplemental Table 6 ). Case patients with coinfections had more severe disease compared with case patients with single infections, with the following being more prevalent: increased respiratory rate (P = .009), tachycardia (P = .05), decreased O 2 saturation (P = .04), reported fever (P = .05), discharge diagnosis of pneumonia (P = .006), and bronchitis (P = .02), as well as decreased probability of a diagnosis of acute URTI (P = .01).
DISCUSSION
A better understanding of the etiologic role of viruses in respiratory diseases is needed to develop new targeted therapies and reduce overconsumption of antibiotics. In this matched casecontrol study, we assessed how specific respiratory viruses can be attributed to ARI by investigating viral qPCR data in children with ARI and in matched asymptomatic control subjects. The strength of our study was the unique population-based asymptomatic control subjects who were sampled consecutively from different areas of Stockholm, thus serving as a good estimate of the background prevalence of the different viruses in the source population. Proper control selection is of highest importance for garnering valid information regarding the clinical interpretation of respiratory virus detection in children. Moreover, the study design allowed adjustments for important confounders such as age, calendar time, and viral coinfections.
We report that 1 or more respiratory virus was detected in 72.3% of the case patients with ARI and 35.4% of the control subjects. These findings are in line with previous studies that have reported viral findings in 54% to 72% of children with ARI and 19% to 40% in asymptomatic children, 12,14,15 emphasizing the need for adequate control subjects when assessing the etiologic fraction of different respiratory viruses. PIV, hMPV, and RSV were associated with high relative risks for ARI and were only rarely detected in control subjects, which is concordant with previous studies. 11, 17 These viruses all seem to be rapidly cleared from the respiratory tract after an infection, making qPCR a suitable diagnostic method. 8 Interestingly, hMPV was associated with severe disease presentations such as fever, decreased O 2 saturation, increased respiratory rate, and tachycardia. Recent reports support that hMPV is a significant respiratory pathogen capable of causing severe disease in children, 29 yet the clinical pattern of disease is not fully understood. In view of our findings that RSV, PIV, and hMPV were strongly associated with ARI and reports of nosocomial transmission of these viruses, 30, 31 further studies of control interventions such as cohort nursing are warranted for these infections. 32 HBoV is reportedly commonly detected in coinfection with other viruses, and its pathogenicity in humans has been debated. 21, 33, 34 In our study, HBoV was associated with ARI even after adjustment for coinfection with other viruses, and HBoV was associated with tachycardia, increased respiratory rate, and coughing (which suggest lower respiratory tract infection). However, both HBoV and HRV were detected at such a high frequency in control subjects that it might be hard to interpret the clinical significance of a positive qPCR finding. Our data indicate that 39% (95% CI: 1 to 62) of ARI in this population could be attributed to HRV, however.
HEV and HCoV were detected at equal levels in both case patients and control subjects. However, HCoV serotype OC43 was only detected in case patients, but due to limited sample size, we could perform only grouped analyses of these viruses; it is likely that different HEV and serotypes of HCoV have different disease-causing potential. 25, 35 Nevertheless, our results indicate that the current qPCR method needs to be more specific to have a clinical value for differential diagnostic purposes.
The clinical importance of viral coinfections is not fully understood. 19 In our data, coinfections were associated with increased risk of ARI compared with single infections, and they were also associated with more severe disease. However, we did not have sufficient power to fully address how different respiratory viruses interact in the development of ARI, which is of great importance when assessing the potential impact of targeted interventions.
We performed sampling of control subjects from multiple child welfare centers at the time of routine vaccination to obtain a representative sample of the background prevalence of respiratory viruses in the child population. However, the frequency of parents having a university degree was higher among control subjects compared with the general population of 20-to 40-year-olds in Stockholm (68.1% vs 49.7%). 36 Although the populations were not perfectly comparable, it might indicate that our control selection failed to include all socioeconomic groups. Moreover, study subjects were not followed up with consecutive sampling. Hence, we could not assess if viral findings in control subjects represent early detection of an infection, asymptomatic carriage, low-virulent infection, or prolonged shedding. In addition, samples were not systematically collected on all study subjects to assess bacterial infections, and some case patients are likely to have suffered from bacterial or mixed infection rather than solely from a viral infection. This possibility is indeed a limitation to the current study that impairs the translation of the findings into decision-making policies regarding antibiotic treatment. However, the diagnostics of bacterial infections in children with respiratory infections are difficult because blood culture results are rarely positive, sputum or samples from bronchoalveolar lavage are difficult to obtain, 37 and the clinical significance of bacterial diagnostics from the nasopharynx in children with ARI is limited due to high rates of colonization of common bacterial pathogens. 38, 39 Finally, the qPCR method used in our study was not appropriate to adequately assess viral load, which has been found to be associated with severity of disease. 40 
CONCLUSIONS
Our study indicates that a qPCR finding of RSV, hMPV, or PIV is likely to be causative of disease in children with ARI. In contrast, detection of several other viruses such as HBoV, HRV, HAdV, HCoV, and HEV must be interpreted with caution due to high detection rates among healthy children. Future studies should focus on how to improve differential diagnostics with refined molecular techniques of the latter viruses to further characterize their pathogenicity in humans.
